Cutaneous infection with Cryptococcus neoformans is rare but can occur in the setting of rheumatoid arthritis due to immunosuppression. Risk factors include chronic kidney disease and use of tumor necrosis factor-alpha (TNF-α) inhibitor adalimumab. We report the fourth case of primary cutaneous cryptococcosis (PCC) in a diabetic female more than 60 years old living in rural Northwest Tennessee and taking adalimumab for rheumatoid arthritis. In a literature review of existing cases, this is the second case involving simultaneous chronic kidney disease and the first case in a diabetic and following extended TNF-α inhibitor immunosuppression monotherapy. Physicians should consider cryptococcal infection in a patient who develops cellulitis that is unresponsive to empiric therapy. In addition, it is imperative to monitor rheumatoid arthritis patients taking adalimumab closely and consider alternative agents in those with pre-existing immunosuppression or known risk factors for opportunistic infections as primary prevention. J Microbiol Infect Dis 2017; 7(3):160-163 
INTRODUCTION
Cryptococcus neoformans is an opportunistic fungal pathogen that infects the lung, central nervous system, and skin [1] . Primary cutaneous cryptococcosis (PCC) including cellulitis is rare and more common in patients with immunosuppression such as rheumatoid arthritis [2] . Infection risk factors specific to rheumatoid arthritis are chronic kidney disease and use of tumor necrosis factor-alpha (TNF-α) inhibitor adalimumab [3] . Three previous cases of PCC involving rheumatoid arthritis patients taking adalimumab occurred in the setting of short-term (<12 months) TNF-α use and concurrent immunosuppressive therapy [4] [5] [6] . We report a case of cryptococcal cellulitis in a diabetic female older than 60 years with chronic kidney disease who was treated with long-term (>24 months) adalimumab monotherapy for rheumatoid arthritis.
CASE
A 66 year-old diabetic female with rheumatoid arthritis treated with adalimumab for two years was admitted with right upper extremity (RUE) cellulitis. She used to smoke 1 pack a day for 15 years but never drank alcohol or used illicit drugs, and lived on rural Northwest Tennessee property in a trailer with her husband and their dog.
One month before admission, she bumped her elbow inside the trailer and developed a lump draining purulent material; she applied rubbing alcohol and let her dog lick it occasionally. The week prior to presentation, she was cleaning her trailer and handling fiberglass without gloves. She awoke from sleep that evening with sharp pain and pruritis in her RUE, similar to a mosquito bite. Topical diphenhydramine brought no relief then she noticed redness and swelling the next morning and went to the emergency room. She tried oral clindamycin without improvement and returned to the hospital. Doppler U/S of RUE was negative for deep vein thrombosis, CT revealed extensive subcutaneous edema with fluid within the dorsal and ulnar aspects of the proximal and midforearm but no focal abscess. On admission, her temperature was 39.2 0C, heart rate 115/minute, respirations 26/minute, and blood pressure 133/70 mmHg. The patient was obese. Erythema and superficial desquamation covered her right posterior forearm and an extremely tender necrotic eschar encompassed her right anterior forearm ( Figure  1 ). Bilateral finger deformities secondary to rheumatoid arthritis were noted. Remainder of exam was unremarkable. White blood cell count was 11. mg/dL), estimated glomerular filtration rate 44 mL/min/SA (>60 ml/min/SA), and calcium 7.3 mg/dL (8.6-10.0 mg/dL); magnesium was 1.4 mg/dL (1.6-2.6 mg/dL). The primary team replaced magnesium then began intravenous daptomycin and tobramycin. Infectious disease changed daptomycin to ceftriaxone and added clindamycin. Repeat blood cultures were negative. Orthopedic surgery performed incision and debridement of right upper extremity. Intraoperative wound cultures grew Cryptococcus neoformans and Bacillus cereus, the latter proved to be a contaminant. Serum cryptococcal antigen was negative. Antibacterials were discontinued and started intravenous fluconazole 400 mg. Skin symptoms markedly improved. She was discharged to short-term rehabilitation center for wound care for RUE with oral fluconazole 200 mg for twelve months and permanent cessation of adalimumab. 
DISCUSSION
Cryptococcus neoformans, the most common Cryptococcus species, is a yeast-like encapsulated fungus associated with the droppings of pigeons [7] . When inhaled, it can cause pulmonary infections such as pneumonia. In immunocompromised patients, it can spread to the central nervous system (CNS) and skin in disseminated disease. Cutaneous infections are rare, occur more frequently in immunocompromised patients, and include the classic whitlow or phlegmon (pedunculated, dome-shaped papule with an umbilicated center), cellulitis, necrotizing fasciitis, and cryptococcomas [8] . Primary cutaneous cryptococcosis (PCC) is defined as localized skin lesion(s), positive tissue culture, and lack of evidence of systemic disease [9] . Diagnose PCC with skin biopsy and/or culture [9] . Other labs include latex agglutination and cryptococcal antigen to rule out disseminated infection and Adalimumab (Humira®), a monoclonal antibody against tumor necrosis factor alpha (TNF-α), is a biologic used in the treatment of rheumatoid arthritis. TNF-α is a cytokine released by the protective T-cells and activates monocytes to differentiate into macrophages that recruit others to engulf fungi such as Cryptococcus through phagocytosis. Patients who are taking TNF-α inhibitors such as adaliumumab have decreased macrophage function and increased susceptibility to opportunistic infection [11] . While there were no reports of cryptococcal infections in the post-marketing database, there have been multiple cases documented in the literature since then [12] . Adalimumab has increased cytokine binding avidity, slower dissociation, and longer half-life compared to other TNF-α inhibitors, increasing its propensity to compromise immunity. If an opportunistic infection is suspected, it is necessary to discontinue adalimumab to allow immune system recuperation and prevent further damage.
There are several reports of primary PCC in rheumatoid arthritis patients receiving adalimumab [4] [5] [6] . We have summarized these cases in the  table  1  (Table  1) . [9] . Cryptococcus is uncommonly found in decaying wood, fruits, vegetables, hay and dust in addition to pigeons [14] . Animals including pets and livestock are implicated in fungal dermatophytoses [15] .
We present this case of PCC in a patient on adalimumab for rheumatoid arthritis to emphasize the multiple risks for opportunistic infections.
Physicians should consider Cryptococcus in the differential for patients who present with cellulitis refractory to empiric therapy. In addition, we reinforce the need for long-term surveillance in rheumatoid arthritis patients on chronic adalimumab and question its use drugs in individuals with pre-existing immunosuppression including diabetes mellitus, greater than 60 years old, and known risk factors for opportunistic infections such as chronic kidney disease.
